individuals with familial FSGS, providing evidence for a subset Spectrum of disease in familial focal and segmental glomeruloof families in which a genetic form is segregating. Each family sclerosis.
although it appears to be more frequent among African a resting blood pressure of greater than 140/90 mm Hg. All family history and clinical data were recorded in a Americans than among other ethnic groups [6, 7] . The etiology of FSGS is poorly understood: It is unclear database using the Pedigene system. As many first-degree relatives as were available were studied for the whether FSGS is the result of a systemic disease or an intrinsic defect of the glomerulus [8] [9] [10] .
presence of occult renal disease by the qualitative analysis of a freshly voided urine specimen for proteinuria. Although it is well recognized that genetics plays an important role in the development of many forms of Subjects who were demonstrated to have 2ϩ or greater proteinuria were invited to have a more complete renal disease [11] [12] [13] , FSGS has, until recently, been considered to be primarily a sporadic disorder. Recently, nephrological evaluation, including renal biopsy where appropriate. we reported a number of families in which FSGS affected multiple members within the same family (multiplex Within these families, subjects were classified as definitely affected, probably affected, status unknown, and FSGS families) [14] . The occurrence of FSGS in multiple members of the same family has also been observed by probably unaffected. Definitely affected. Subjects who had a renal biopsy a number of other authors [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The identification of large pedigrees with familial FSGS (FFSGS) may allow demonstrating FSGS in the absence of evidence for secondary FSGS were classified as definitely affected. the application of positional cloning technology to identify the underlying molecular pathogenesis of FSGS. We
Probably affected. Family members with ESRD requiring renal replacement therapy, who had not underhave recently developed an international collaborative group to study this syndrome. Here we present our findgone renal biopsy, or family members with 3 or 4ϩ proteinuria on a urine dipstick in the absence of other ings with respect to family history, clinical and associated pathological findings, and their relationship to the longsystemic disease likely to lead to proteinuria (such as diabetes or lupus) were classified as probably affected. term prognosis in this large series of multiplex FSGS families.
Status unknown. Family members with 1 or 2ϩ proteinuria or with 500 mg or less of proteinuria on a 24-hour collection were classified as status unknown.
METHODS
Probably unaffected. Subjects within these families Patients without evidence of proteinuria on dipstick urinalysis were classified as probably unaffected. Families that contained at least two individuals who carried a diagnosis of FSGS, as defined later in this artiThis report focuses on definitely affected or probably affected individuals. cle, were ascertained. Sixty families were identified through a variety of sources and referral patterns. AdverFamilies were classified according to whether there was evidence that individuals from one or more generatisements were placed in the leading nephrology journals and on the "NEPHROL" e-mail nephrology discussion tions were affected. Families with multiple generations (MG) affected had to have clear-cut evidence of vertical group. Cases were identified from the published literature. Information regarding additional patients was obtransmission of the trait, with individuals from two or more generations affected, based on the definitions given tained from the clinics and medical personnel in the Division of Nephrology at Duke University Medical previously in this article. Families with single generation (SG) involvement had no more than one generation Center. In order to be included in this analysis, each family needed to have at least one member with biopsydemonstrating any manifestation of disease. This classification (SG) was applied only where the parents of the proven FSGS and either a second member with biopsyconfirmed FSGS or other family members with ESRD.
individuals were available for examination and/or urinalysis and were demonstrated to be free of renal disease Individuals were excluded if they had any secondary form of FSGS such as those associated with HIV infecor the parent died at an advanced age and was known to have died of a nonrenal cause. Individuals whose tion, reflux nephropathy, sickle cell disease, or intravenous drug use.
parents were not available for examination or in whom the cause of death was not available were excluded. A detailed family history was obtained from all participating families. Medical records and renal pathological Pathological data material were obtained when available to confirm the diagnosis and family history reports. The medical records
The histological diagnosis of FSGS was based on the criteria of Churg, Habib, and White and required the of all of these subjects were reviewed to identify factors pertaining to the clinical presentation of the disorder, presence of areas of glomerular sclerosis or tuft collapse that were both focal (involving only a subpopulation of associated syndromes, natural history, pattern of inheritance, and outcome following renal transplantation. Hyglomeruli) and segmental [7] . Segmental hyalinosis was present in several cases, but was not considered a requirepertension was considered to be present if at presentation the subject was taking antihypertensive medication or had ment for the diagnosis. Morphological features considered ancillary factors supporting the diagnosis of FSGS in-260 family members were examined and had urinalysis. cluded the detection of focal, segmental glomerular These families were living in the United States (N ϭ staining for immunoglobulin M and/or C3 by immuno-33), the United Kingdom (N ϭ 5), Belgium (N ϭ 4), fluorescence microscopy and the presence of epithelial New Zealand (N ϭ 4), France (N ϭ 3), Germany (N ϭ 1), cell foot process effacement by electron microscopy.
Turkey (N ϭ 1), Peru (N ϭ 6), and Canada (N ϭ 3). Glomerular sclerotic lesions were further classified acOne hundred and four subjects were considered to cording to the presence or absence of "collapsing" feabe definitely affected, and 86 were considered probably tures [27, 28] . Glomerular lesions were considered to affected (vide supra). A total of eight family members be of the collapsing variety if they had wrinkling and previously considered unaffected were identified as "collapse" of the glomerular capillary walls with promiprobably affected as a result of screening for proteinuria. nent hypertrophy and hyperplasia of the overlying visTwenty-six families had individuals affected from MG. ceral epithelial cells, often accompanied by intracy- Figure 1 displays the pedigree of our largest family, intoplasmic protein resorption droplets.
volving 37 affected individuals. In the remaining 34 famiIn each case, possible underlying causes of segmental lies, only individuals from an SG were affected. The glomerulonephritis (for example, immune complex detransmission of the trait from both males and females position, antiglomerular basement membrane antibodto both male and female children was observed, thus ies, vasculitis) and other potential causes of segmental excluding either a sex linkage or a mitochondrial DNA glomerular pathology (such as Alport's syndrome) were disorder. ruled out to the fullest extent possible on clinical and
Six families contained one set of twins each. Two of histological grounds.
these sets were dizygotic twins, and in each of these Renal biopsies were performed and processed in a families one member of the twin set was affected. Both standard fashion, and each was reviewed by an experimembers of the twin set were affected in three of the enced renal pathologist (D.H.) without regard to clinical four sets of monozygotic twins. In the one discordant information. Histological features were graded by calcuidentical twin set, the affected was 11 years of age and lating the percentage of glomeruli exhibiting a particular had 5 g of protein excretion with normal renal function. histological finding (global or segmental collapse or Her father developed ESRD secondary to biopsy-proven global or segmental glomerulosclerosis) and by semi-FSGS. The apparently unaffected child had been folquantitative analysis (using a scale of 0 to 3ϩ) for the lowed for two years and had no protein excretion on following features: visceral epithelial hypertrophy, mesdipstick. angial hypercellularity, synechiae, hyalinosis, tubular microcysts, tubular epithelial degenerative and regeneraIn only one family, the development of FFSGS was tive changes, tubular atrophy, interstitial edema, interstiassociated with a dysmorphic syndrome. This was in two tial inflammation, interstitial fibrosis, and arteriolar sclechildren ages 22 months and 9 months who developed rosis. These were recorded 0 for absent, 1 for Ͻ20%, 2 FSGS with nephrotic syndrome. They were the children for 20 to 50% and 3 for Ͼ50% of the biopsy surface from the marriage of first cousins, and had congenital affected.
microcephaly, hypotonia, poor neurological development, and low-set ears in addition to nephrotic synStatistical analysis drome. Survival times were calculated as the time to initiation Clinical features at presentation were compared beof dialysis, renal transplantation, or death, whichever tween SG and MG cases. SG subjects presented at a came first. In subjects not reaching ESRD, the date of younger age (20.1 Ϯ 12.1 vs. 32.5 Ϯ 14.6 years, P ϭ last follow-up was taken as the date of censoring. 0.0001; Fig. 2 ), had heavier proteinuria (7.0 Ϯ 5.6 vs. Kaplan-Meier product-limit survival times were calcu-3.8 Ϯ 3.4 g/24 hr, P ϭ 0.002), and were more likely to lated using SAS PROC LIFETEST (Cary, NC, USA).
be hypertensive (82 vs. 60%, P ϭ 0.01) than individuals Risk ratios were calculated using the Cox proportional within MG families (Table 1 ). There was no difference hazards model, which was also used to test for the influin serum creatinine between SG and MG individuals. ence of multiple risk factors on survival. The log rank test was used to compare survival curves. Differences
Pathologic features between groups were assessed using the chi-square test A total of 104 patients underwent renal biopsy, of and Student's t-test as appropriate. A P value of Ͻ 0.05 which 68 had electron microscopy and immunofluoreswas considered significant.
cence examinations in addition to light microscopy. Renal pathology slides were available for review by us from RESULTS 88 biopsies performed on 75 patients, and the renal paClinical presentation thology reports were reviewed on the remainder. The number of renal biopsies per family ranged from 1 to Clinical and pathological data were available on 60 families involving 190 affected individuals. In addition, 15. Thirteen patients had two or more renal biopsies. Histological examination of biopsy tissue revealed a segmental sclerotic and collapsing lesions were seen in biopsies from 15% of the patients. In all, 78% of the wide variety of glomerular and extraglomerular abnormalities. Segmental sclerosis was identified in biopsies patients had evidence of either segmental sclerosis or collapse. The mean percentages of segmentally sclerotic from 52% of patients with FFSGS, and segmental or global collapse was seen in biopsies from 11%; both glomeruli and glomeruli with segmental and/or global collapse did not differ significantly between SG and MG microcyst formation and interstitial edema were noted in only a small fraction of the biopsies and did not differ groups (Table 2 ). Globally sclerotic glomeruli were a common feature in both groups, constituting 19.7 Ϯ significantly between the two groups. Extensive arteriolar sclerosis was seen in occasional biopsies, with approx-21.9% of the glomeruli in the MG biopsies and 27.2 Ϯ 33.4% in the SG group (P ϭ 0.4).
imately equal frequency in the two groups. In biopsies from 9% of patients, global glomerular Renal survival sclerosis was the only lesion identified. In half of these, all of the glomeruli were globally sclerotic. In an addiNinety-three individuals developed ESRD. The median age for the development of ESRD was 30 years. tional 5% of biopsies, no significant glomerular lesions were identified, possibly as a result of sampling early in Variables measured at the presentation that were significantly associated with worse renal survival ( Table 4 ) the course of the disease. The remaining 8% of biopsies contained insufficient tissue for a definitive diagnosis.
included decreased age of presentation, single-generation involvement (Fig. 3) , increased serum creatinine, A variety of tubulointerstitial changes was also noted in the biopsies (Table 3) . Of particular note were tubular increased urinary protein excretion (Fig. 4) , and black race (Fig. 5) . None of the pathological variables were degeneration/regeneration, tubular atrophy, interstitial inflammation, and interstitial fibrosis, all of which were significantly associated with prolonged renal survival. Using backward elimination from the Cox proportional significantly more prevalent in biopsies from the SG group than those from the MG group. Prominent tubular hazards model (Table 5) , the following variables were compared with families with multigeneration involvement (N ϭ 125).
independently associated with worse renal survival: younger age at presentation, increased serum creatinine, and increased urinary protein excretion.
Outcome of renal transplantation
A total of 41 patients underwent 48 renal transplant procedures. The 10-year survival of these grafts is outlined in Figure 6 . At 10 years, 62% of grafts continued to function. Only one patient demonstrated a recurrence of FSGS in the allograft. Two subjects, who initially appeared unaffected, donated a kidney to an affected of these individuals subsequently developed ESRD. The recipient of one of these kidneys developed chronic allograft rejection secondary to noncompliance with medications, and the other kidney functioned for greater than pattern of inheritance. It is likely that MG families are 10 years.
families with autosomal dominant inheritance and that SG families have autosomal recessive inheritance, al-DISCUSSION though there are also other possibilities, including autosomal dominant with incomplete penetrance. We have In this report, we present a large series of patients adopted a very conservative technique of labeling famiwith multiple family members affected with FFSGS. The lies SG in that only families in which both parents were vertical mode of transmission in many of the families examined and found to be free of renal disease were and the development of FSGS in both sets of twins establabeled SG. Families with SG involvement appear to lish this as a clearly genetic disorder, rather than the have a more aggressive form of disease, as they presented result of some environmental exposure. We have obat a younger age and with heavier proteinuria than MG served the frequent development of ESRD in affected families. It is possible that this apparently more aggresindividuals.
sive deterioration in renal function represents ascertainIn this review, we used the terms SG involvement and MG involvement, as they make no assumptions about ment bias, in that individuals within families already family being affected by FSGS in the kidney in association with other hereditary defects [15, [32] [33] [34] [35] [36] . Because the disease is uncommon, the aggregation in a family of more than one affected member is compelling evidence for a major gene. The weight of existing evidence in experimental models of FSGS and human sporadic FSGS supports a role for a circulating factor that results in increased glomerular permeability [8, 9, 37, 38] . The early recurrence of more than 20 years and provides a tantalizing clue that a circulating substance may be responsible for glomerular injury in some patients with this entity. Further evidence for FFSGS, rather than a circulating factor. Not every subject in this study underwent a renal biopsy to confirm the histological pattern of their glomerular injury; however, most families did have at least two individuals with a renal biopsy. In addition, not every biopsy was subjected to electron microscopic and immunofluorescence examination; however, at least one biopsy from each family did undergo electron microscopy, excluding any changes of basement membrane lamellation or splitting that would be compatible with Alport's-type nephropathy. A potential criticism of these studies is the lack of histological confirmation in every single affected individual, as many of the cases were classified as affected on the basis of the presence of ESRD or proteinuria. However, in an analysis of our largest pedigree, in which we have determined linkage to chromosome 11, each affected individual carried known to be affected by renal disease are more likely to be detected early. However, when the survival analysis the disease allele, and no unaffected individuals carried it [39] . was confined to the probands in each family, thus eliminating the effect of ascertainment bias, the same trends Developments in molecular biology have enabled investigators to study genetic disorders by a "reverse genetin terms of worse serum creatinine, higher proteinuria, and earlier age of ESRD were apparent in the SG famiics approach" or "positional cloning" in which the genetic disorder is initially linked to a chromosome marker. lies when compared with MG families.
The first reports of the occurrence of an autosomal Subsequently, mapping of the gene may be followed by identification of the gene itself, The cases of FFSGS that we have described here ap- 
